Abstract: Minimally invasive surgery (MIS) of colorectal cancer (CRC) was first introduced over 20 years ago and recently has gained increasing acceptance and usage beyond clinical trials. However, data on dissemination of the method across countries and on long-term outcomes are still sparse.
INTRODUCTION
C olorectal cancer (CRC) is the third most commonly diagnosed cancer in men and the second in women worldwide, with an estimated 1.4 million cases and about 700,000 deaths occurring in 2012. 1, 2 In recent years, laparoscopic surgery has Editor: Pedro Moya.
gained increasing acceptance and usage for CRC treatment beyond clinical trials since the first report of this minimally invasive surgery (MIS) in 1991. 3 Based on the results from both randomized clinical trials (RCTs) 4 and observational studies, 5 utilization of MIS for resection of colon cancer is as effective as open resectional surgery (ORS) with no negative effect on the overall and disease-free survival rate of patients. 6 Furthermore, there is evidence that laparoscopic surgery in CRC patients is associated with lower mortality, lower complication rates, and a shorter median length of hospital stay. 7 Recent studies indicate benefits of this procedure also among older patients, 8 advanced stage, and incurable patients. 9 However, there are also some controversies regarding the short-term and long-term benefits of MIS in comparison with ORS. 10, 11 Application of MIS in treatment of CRC might be limited by several factors, including surgeons' experience, and also clinical conditions of patients such as prohibitive abdominal adhesions and acute bowel obstruction. 12 Furthermore, considerable controversies surrounded the application of MIS for resection of transverse colon cancer and for proctectomy in rectal cancer patients. 11 There are also some patient-specific factors such as high BMI, older age, and disease-specific factors such as T4 cancers that often lead to conversion of MIS to open surgery in treatment of CRC patients. 13 Conversion of MIS to open surgery has been reported to occur in more than 20% of colon cancer and more than 40% in rectal cancer treatment. 4 Allaix et al 14 reported that conversion of MIS per se is though not associated with worse early postoperative outcomes or adverse long-term survival of patients. However, adverse results after converted MIS have also been reported. 15, 16 This study is a part of the EurocanPlatform project, which is a consortium of major European cancer centers aimed at enhanced translation of progress in oncological research into clinical practice. 17 The aim of this study is to compare the implementation of laparoscopic surgery in therapeutic resection of CRC and its impact on outcomes of patients in real clinical practice among European counties. We also aimed to describe the patterns and recent trends in utilization of MIS, with particular attention to age and stage-specific overall survival among patients in various European countries and centers involved in the EurocanPlatform consortium.
METHODS

Participating Centers and Study Populations
As part of activities of Work Package 11 (WP11, clinical epidemiology and outcome research) of the EurocanPlatform project data were obtained from 3 population-based and 4 institute-based clinical cancer registries from 6 European countries. The population-based registries include the national database of the Norwegian Cancer Registry (NCR), national data of the Swedish Colorectal Cancer Registry (SCRCR), and the database from the Netherlands National Cancer Registry (NNCR), which included information on comorbidities from the Eindhoven Cancer Registry (ECR). The institutebased registries include the National Center for Tumor Diseases-Heidelberg (NCT-HD) in Germany, the Institute Jules Bordet (IJB) in Brussels (Belgium), the Netherlands Cancer Institute (NKI) in Amsterdam, and the Portuguese Institute of Oncology in Porto (IPO-Porto). Data on basic patient and tumor characteristics, and also type of surgery (MIS, ORS, and converted) and use of neoadjuvant therapy were requested from all partner registries for consecutive years with available data.
In this study, only first invasive CRC patients with no evidence of metastasis at diagnosis were included. All statistical analyses were performed using the ''intention-to-treat'' approach, where CRC cases were included according to the originally assigned surgery group, MIS, or ORS, regardless of conversions of MIS to ORS. The reason why intention-to-treat analysis was applied was to avoid the attrition, crossover, and similar sources of bias that are related to noncompletion of the outcome data in a subset of individuals originally assigned to a particular surgical method. All the analyses were stratified by center and tumor location (colon and rectum). Cases with unspecified colon/rectal tumor location or cases that underwent emergent CRC surgery were excluded from all analyses. Period survival estimates were obtained through left truncation of the follow-up of contributing cohorts in addition to the usual right censoring at the end of the study period.
Statistical Methods
We used descriptive statistics to present the distribution of basic patient and tumor characteristics across centers. Trends of MIS utilization during the period 2007 to 2014 (the broadest time period for which data were available from at least 2 centers) were compared by using age-standardized frequencies. The association between surgery type and sex, age group ( 59, 60-69, 70-79, 80þ), and tumor stage (I, II, III, IV), after taking missing values into account, were investigated using multiple logistic regression models.
Associations between overall survival and surgery type were assessed for the 3 population-based cancer registries in the Netherlands, Sweden, and Norway. Institute-based centers were not included given the limited number of cases available for stratified analyses. Overall survival was defined as time from surgery to death from any cause or date of last contact. KaplanMeier estimates for 1, 3, and 5-year survival after MIS or ORS were compared after stratifying by tumor stage groups (I-III: nonmetastatic, and IV: metastatic). Hazard ratios (HRs) of MIS utilization versus ORS were obtained by Cox regression models adjusted for sex, age group, tumor stage, neoadjuvant therapy (yes/no), count of examined lymph nodes after surgery (<12, !12), and colon tumor location (right colon including cecum, ascending colon, and transverse colon/left colon including splenic flexure, descending colon, and sigmoid).
All statistical analyses were performed using SAS software version 9.3. A significance level of 0.05 without multiple comparison corrections was used for statistical tests.
Role of the Funding Source
The sponsor had no role in data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all data and had final responsibility to submit for publication. This study was carried out in accordance with the code of ethics of the World Medical Association (Declaration of Helsinki), and was approved by the ethics committee of the Medical Faculty of Heidelberg University in Germany. Baseline characteristics of patients, by showing low and mostly negligible proportions of missing data, are displayed in Table 2 . Cases with unspecified tumor location colon/rectal (653 cases) or with emergent CRC surgery (5059 cases available in SCRCR) were excluded from further analyses. Colon cancer patients included approximately equal numbers of men and women, except in NCT-HD and IPO-Porto (56% and 59% men, respectively). By contrast, the proportion of men was substantially higher among rectal cancer patients in all centers except in IJB (49%). The age distribution substantially varied across the centers. Moreover, on average, patients from population-based registries were older than patients from institutebased registries (70-72 vs 62-67 years for colon cancer; 67-68 vs 61-66 years for rectal cancer).
RESULTS
Participating Centers and Patient Characteristics
Tumor stages II and III were the most frequent stages of colon cancer in all centers, except in IJB, where stages III and IV were more frequent. In rectal cancer, stage I was the most frequent stage in all centers, except in SCRCR and NCT-HD, where stage III was more frequent (34% and 52%, respectively). For ECR (NNCR) patients, no substantial difference in the frequency of comorbidity types between MIS and ORS groups was observed, except for a slightly higher proportion of diabetes and secondary tumors in the ORS group (Table S1, 
Use of MIS and ORS According to Patients' Characteristics
A strongly divergent pattern of MIS use by tumor location was seen across centers (Table 3; and Table S2, 
Colon Cancer
Minimally invasive surgery was significantly less often used in women than in men at NNCR (OR 0.86, 95% CI 0.83-0.89) and SCRCR (OR 0.82, 95% CI 0.75-0.89). A similar pattern was observed at IJB and IPO-Porto, whereas women tended to undergo more often MIS at NCR, NCT-HD, and NKI. There was a clear tendency toward less frequent use of MIS with increasing age of the patient or higher tumor stage in all centers (Table 3 ). In addition, MIS was significantly less used in obese patients (body mass index [BMI] !30 kg/m 2 ) (OR 0.80, 95% CI 0.70-0.92) in SCRCR (available only in SCRCR, data not shown).
Rectal Cancer
Utilization of MIS for rectal cancer was significantly higher in women than in men in SCRCR (OR 1.33, 95% CI 1.17-1.51), with a similar tendency in NCR, NCT-HD, and NKI. Older patients (80þ years) in NNCR underwent significantly less often MIS than younger patients. By contrast, MIS use increased by increasing age of the patients in SCRCR and NCR. Moreover, MIS was significantly less often used in 7206 (16) 3439 (24) 2613 (13) 2065 (20) 1525 (14) 779 (23) patients with high tumor stages in NNCR, SCRCR, and IJB, and significantly more often used in patients with stage IV cancer in the NCR (Table 3 ). In addition, MIS was significantly less often 
Colon Cancer
In all centers and in both metastatic and nonmetastatic groups, colon cancer patients consistently showed longer overall survival after MIS (eg, 5-yr survival in nonmetastatic patients in NNCR was 73.7% (95% CI 72.4%-74.9%) compared with ORS (60.3%; 95% CI 59.3%-61.3%) ( Table 4) .
The HRs after adjustment for prognostic factors indicated significant lower mortality for colon cancer patients who underwent MIS compared with those who underwent ORS in NNCR (HR 0.66, 95% CI 0.63-0.69); SCRCR (HR 0.68, 95% CI 0.60-0.76); and NCR (HR 0.73, 95% CI 0.67-0.79). The significant survival advantage of MIS was observed in all subgroups in NNCR and in most subgroups in SCRCR and NCR (Table 5) . Comparable results were observed from hazard ratios between complete (nonconverted) MIS and ORS (Table S3 , http://links.lww.com/MD/B9 Supplemental Content). Adjusted survival curves are illustrated in Figure 2 (A-C).
Rectal Cancer
In all centers, overall survival of nonmetastatic rectal cancer patients was higher in the MIS group (eg, 5-year survival in NNCR was 73.9% (95% CI 71.7%-76.0%) than in the ORS group (66.8%; 95% CI 65.1%-68.5%). The limited number of metastatic patients precluded an evaluation of the effect of surgical resection type on survival ( Table 4 ). The HRs indicated significant lower mortality in rectal cancer patients who underwent MIS compared with those who underwent ORS in NNCR (HR 0.74. 95% CI 0.68-0.80) and SCRCR (HR 0.77, 95% CI 0.66-0.90). The significant survival advantage of MIS was observed in most subgroups in NNCR and SCRCR, and in only 2 subgroups (age group 60-69, and tumor stage I) in NCR (Table 5) . Comparable results were observed from HRs between complete (nonconverted) MIS and ORS, except that age group <60 in NCR showed lower survival for patients with completed MIS (Table S3, 
DISCUSSION
In this large multicenter study, we investigated the utilization of MIS and ORS in newly diagnosed CRC patients among 7 European major clinical centers and population-based cancer registries. MIS was more likely applied in younger patients and in early-stage tumors; this finding is in agreement with a recent population-based study in England. 18 MIS in colon cancer patients was associated with higher overall short-term and long-term survival compared with ORS in all 3 population-based clinical registries (NCR, SCRCR, and NNCR), also after adjustment for demographic and clinical factors. MIS in rectal cancer patients was significantly associated with increased survival in NNCR and SCRCR. The study has, however, not been able to adjust for the potential bias in selection of patients to the surgery groups that may have affected survival.
The overall percentage of CRC patients operated by MIS increased from 2007 to 2014 in most of the centers. This increase was expectedly in line with trends of MIS utilization in other nationwide studies. 19 However, the percentages varied substantially between centers, with wider variations for rectal than for colon cancer. Other studies showed similar variations of MIS utilization regionally and across centers (academic and nonacademic), although RCTs support the benefit of MIS in treatment of CRC patients. 20 , 21 Yeo et al 21 reported an increase in the utilization of MIS for CRC patients of institutions of the National Comprehensive Cancer Network in the United States between 2006 and 2010, with statistically significant variability across institutions even after accounting for differences in stage and comorbidities. In a study using the National Inpatient Sample data, it was shown that academic centers were adopting MIS technology more quickly than other centers. 22 In the current study, the highest rate of MIS utilization was seen in IJB (an institutional center), specially for patients with primary nonmetastatic rectal and left colon tumors. Moderate percentages of MIS use were seen in the national registries of the Netherlands (NNCR) and Norway (NCR). The national registries include a large number of hospitals, some of which have a low volume of patients with CRC, probably affecting the possibility of implementing MIS, although this is not shown in the current study.
In a recent meta-analysis of RCTs on colon cancer, higher 5-year survival after MIS compared with ORS has been reported. 23 Furthermore, expert opinions in the literature supporting the acceptability of MIS for treatment of colon cancer have been shown to be correlated closely with published results from large RCTs. 24 Results from the COLOR (Colon cancer Laparoscopic or Open Resection) trial (n ¼ 1248) demonstrated that utilization of MIS for resection of colon cancer is clinically acceptable. 6 Moreover, a recently published report from MRC CLASICC (The Medical Research Council Conventional versus Laparoscopic-Assisted Surgery In Colorectal Cancer) trial (n ¼ 794) showed no statistically significant difference in long-term disease-free survival of CRC patients between MIS and ORS groups. 25 In the current study, a major survival advantage of MIS for resection of colon cancer was also observed, even after adjustment for main prognostic factors. Data from the current study suggest that MIS is an acceptable alternative to open surgery in curative resection of colon cancer in older and advanced-stage patients, which is also supported by a recent report of 10-year outcomes of a prospective clinical trial. 26 It is very important to interpret the differences in survival in the current study with caution, because the groups of patients in the MIS and the ORS are most likely not exactly comparable, but the epidemiologic data of the study imply that MIS can be safely introduced in a population.
A comprehensive review on RCTs revealed that laparoscopic surgery for rectal cancer has been increasingly accepted since 2006, but remains still controversial. 24 In a recently published report of the COLOR II trial, the overall 3-year survival rates of rectal cancer patients in MIS (86.7%) and ORS group (83.6%) were not significantly different. 27 Results from the MRC CLASICC trial also showed nearly identical long-term outcomes of MIS and ORS in rectal cancer. 25 In the current study, results for rectal cancer were inconsistent, as we found better survival after MIS compared with ORS in the Netherlands (NCCR) and Sweden (SCRCR), but comparable survival between both groups in Norway (NCR). Utilization of MIS depended on age group and tumor stage. However, whereas less MIS was used with increasing age of the patients in the Netherlands and Sweden, the opposite was observed in Norway. It has to be considered that diverse time periods were included in the analyses, with more recent data from the Netherlands and Sweden. Further studies with more detailed data on clinical and patient-related factors are needed to explain the observed differences.
This study is the first European level study that used routinely available institution and population-based detailed data, reflecting the implementation and outcomes of MIS in routine clinical practice in a diverse patient population. Strengths of the study include the presence of high-quality population-based, 28, 29 and also institutional clinical cancer registry data. The limitations of this study include the fact that some possibly influential factors, such as patients' comorbidities, the Eastern Cooperative Oncology Group (ECOG) Performance scales, or the Charlson comorbidity index, were not available in sufficient completeness across the registries to be considered in the analyses. However, these factors do not primarily affect the outcomes of CRC patients who underwent MIS as demonstrated in a large multicenter case-control study. 30 Although the survival estimates in this study have been adjusted for majority of influential factors, the selection criterion of CRC patients for each type of surgical resections may widely differ within studied countries and it needs to be investigated in further studies.
Furthermore, owing to the lack of information on obesity of CRC patients in more centers, further assessments of this factor on MIS utilization and clinical outcomes were not possible. Additionally, absence of recurrence data precluded assessment of disease-free survival of CRC patients. Survival of patients from institution-based centers could not be studied because of limited numbers of cases or due to missing active follow-up of operated patients.
In conclusion, the utilization of MIS for curative resection of CRC patients is increasing among European countries and cancer centers with substantial differences between them. Utilization of MIS in curative resection of colon cancer may enhance overall survival rates even in advanced-stage and older patients. The use of MIS techniques in rectal cancer seems to provide equivalent long-term overall survival to open surgery. Further investigations are needed to ascertain whether there are rectal cancer patients who will benefit from the application of MIS.
